













deterministic mechanical system vector
$u(r, t)$
$u_{\rho}\equiv\rho,$ $u_{x}\equiv v_{x},$ $u_{y}\equiv v_{y},$ $u_{z}\equiv v_{z},$ $u_{E\equiv}e$ , . $\ldots.$ .
$\frac{\partial u}{\partial t}=L^{*}(u)$ , $u_{0}=u(r, t_{0})$ $(1)$
, ensemble , $u$ $u(r, t)$ $u(r, t)+du(r, t)$
probability
$\int P(u, t)d_{1}\zeta d$ $/P(u, t)d\Omega=1$ (2)
$d\Omega$ $u(r, t)$ functional space volume $e$ lement $P(u, t)$
$u(r, t)$ (1) de term in ist ic $c$ hange $pr$ ob abibi $ty$ con-
se rve , $t=t_{0}$ $0$
$\lambda$
$Pd\Omega=c$ on st $=P_{0}d\Omega_{0}$ , $( \frac{dPd\Omega}{dt})_{r}=0$ . ( 3)
$(d/dt)_{r}$ $u$ $r,$ $t$ , $r$
$r$ volume element $dr$ $u$ $du$ $P$
$(\delta P/\delta u)_{r}dr$
A $\frac{\delta P}{\delta u}=*\int A_{\lambda}(\frac{\delta P}{\delta u_{\lambda}})_{r}dr$ $(4)$
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$( \frac{dP}{dt})_{r}=\frac{\partial P}{\partial\iota}+\frac{\partial u\delta P}{\partial t\delta u}=\frac{\partial P}{\partial t}+L^{*}\frac{\delta P}{\delta u}$ (5)
a $d\Omega$ $\mathscr{Z}4b$ $TJ$ compressible flow $\ovalbox{\tt\small REJECT} \mathscr{C}Eee$es $\cap\overline{\mathfrak{o}}\mathscr{C}$
$\frac{dd\Omega}{dt}=\frac{\delta\dot{u}}{\delta u}d\Omega=\frac{\delta L}{\delta u}d\Omega*$ (6)
$i\delta=\supset\Psi\underline{\nabla}$ $ot\underline{\in\exists}$
$- \frac{\delta F}{\delta u}\equiv\sum_{\lambda}/(\frac{\delta F_{\lambda}}{\delta u_{\lambda}})_{r}dr$ (7)
$0$
(5), (6) $\frac{\backslash }{\not\supset\backslash }$ (3) $\ovalbox{\tt\small REJECT} 2$ \mbox{\boldmath $\tau$}--,\searrow A Liouv $i$ lle fitlEI! $\ovalbox{\tt\small REJECT} g$ $t\mathcal{R}$ $\ovalbox{\tt\small REJECT} \mathscr{F}\Re \mathbb{R}\mathscr{X}XE^{\frac{\prime\backslash }{\tau\backslash }}i)^{i}$
$\ovalbox{\tt\small REJECT}$ o
$\frac{\partial P}{\partial t}+\frac{\delta L^{*}P}{\delta u}=0$ (8)
$\not\in\Rightarrow_{\backslash }\Xi$
$\ovalbox{\tt\small REJECT}$
\Xi $G(u)$ $r$ , $t$ $b_{\backslash }$ ens emb 1 $e$ me an $\overline{c}(r, t)$ $tR$ 2:; $\circ$
$\overline{c}_{(r,t)}\equiv\int C(u_{r^{P}}(u, t)d\Omega=\int G$ (Ub $r^{P_{0}}d\Omega_{0}$ (9)
$\frac{\partial\overline{G}}{\partial t}=\int G(u)_{r}\frac{\partial P}{\partial\iota}d\Omega=-\int G(u)_{r}\frac{\delta L^{*}P}{\delta u}d\Omega=\int(L^{*}\frac{\delta G}{\delta u})_{r}Pd\Omega$
$\int\{G(u)_{r}\frac{\partial P}{\partial t}-(L^{*}\frac{\delta G}{\underline\delta u})_{r}P\}d\Omega=0$
(10)
$G(u)$ $u$ , (1) $X$ ensemble me an $\ovalbox{\tt\small REJECT} g$ 6 moment eq. $i\delta^{i}\ovalbox{\tt\small REJECT}$ $t^{h}\wedge$
.
$\int(u_{r}\frac{\partial P}{\partial\iota}-L_{r}^{*}p)d\Omega=0$ (11)
va $($ $)$ $r\Leftrightarrow$ r $\phi_{\backslash }$ fa /—J\ $\circ$
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\S 2. $Hopf$ WI $\mathscr{F}\ovalbox{\tt\small REJECT} fiE$ rk ee es




$\Phi(y, t)\equiv\int ei(yu)_{P\dot{d}\Omega}$ . (13)
(9) $\frac{\backslash }{\not\supset_{\backslash }}$ $c\omega$ $e^{i(yu)}$ $\nearrow\backslash$ JE; $\Re(10)\frac{\prime}{\bigwedge_{4}}i)\rangle$ tKX i)i\pi --\mbox{\boldmath $\tau$}/- $0$
$\frac{\partial\Phi}{\partial t}=\int L^{*}\frac{\delta G}{\delta u}Pd\Omega=/i(yL^{*})e^{i(yu)}Pd\Omega$ (14)
$r_{j}$
$\mathfrak{F}$ $\triangle r$ volume element $kp\beta\#$ $y^{\chi\}^{i}}dy\mathscr{Z}$ $\Phi$ $\mathscr{Z}4b$ $i\Pi$ $t\mathcal{R}_{\overline{T\backslash }i}\delta^{i}\varpi$
$\underline{\wedge\backslash /}$ o
$( \frac{\delta\Phi}{i\delta y})_{r_{j}}=/u(r_{j})e^{i(yu)}Pd\Omega.\triangle r$ . (15)
$\frac{\partial}{\partial x_{\lambda}(i)}(\frac{\delta\Phi}{i\delta y})_{r_{j}}$
$= \int\frac{\partial u(r_{j})}{\partial x_{\lambda}(j)}e^{i(yu)}Pd\Omega.\triangle r$. $(15’)$
$L^{*}$




$\frac{\partial\Phi}{\partial t}=\int iyL7\frac{\delta}{i\delta y},$ $r)\Phi dr$ , (16)
Ho $pf^{(1)}$ Na $H\mathscr{X}XFX$ $Pk$ o
\S 3. One point distribution function $f$ ( $r$ $w$ , t)
$P(u, t)$ in it ia 1 {fi $ib^{i}\Re$ A ec $\mu a$ ffi (1) $\frac{\prime}{R}$ GE determini sti $c$ FS
es \Re $\cap p\leq ffl_{\iota r}^{-}\Rightarrow\dagger^{\ni\ }\beta Mffi$ $g\ovalbox{\tt\small REJECT}$ . $\mathscr{G}$ FX –/\S \Phi $4\mathfrak{o}\urcorner$ {El $Pip\rangle$ $fix$ ff7 $B$ , $\phi_{\backslash }$
$u$ $\ovalbox{\tt\small REJECT} l>ffi$ $\ovalbox{\tt\small REJECT} fw$ $\Phi\ovalbox{\tt\small REJECT}$ $\not\equiv$ AEI rViGt as $\RightarrowE\ovalbox{\tt\small REJECT} i^{i}$ o $P$
$-36-$
en $se$ mb 1 $e$ $\partial^{\wedge}$fi $\xi$ 6 .
$r,$ $t$ $B_{\backslash }$ $u$ $\ovalbox{\tt\small REJECT})^{i}W’C$ probabil ity $g$ $u$ dis tribution function
$K$
$f(rw, t)\equiv./\delta_{(}w-u(r))Pd\Omega$ $(\{7)$
$\llcorner B$ $\delta(w-u)\equiv 7^{\delta}(w\lambda^{-u}\lambda)$
$\backslash$ $4\backslash$
$\circ$ (10)\not\supset ‘\check G(u) : Eie $\delta$ -fun ct io $n$ 7k
$f$ ffili $\wedge^{\backslash }$ $XEX$ $K^{\frac{?\backslash }{\tau\searrow}p_{i}\ovalbox{\tt\small REJECT}}\nearrow$ $6_{0}$
$\frac{\partial f}{\partial t}-/\{L^{*}\frac{\partial\delta_{(}w-u)}{\partial u}\}_{r}Pd\Omega=0$ (18)
$\llcorner B$ $\{$ $\}$
$r$
$r$ ta $\ovalbox{\tt\small REJECT}$ $\overline{/\lrcorner\backslash }-$ o
$\rho\frac{\partial u}{\partial t}=\rho L^{*_{\equiv}}-\beta V\frac{\partial u}{\partial r}+L$ $\rho L_{\rho}=-\rho 2\frac{\partial v}{\partial r}$ (19)
6 $f$ $\frac{}{:x}$ $\ovalbox{\tt\small REJECT}\Phi 4b$ $t\mathcal{R}$ o
$\frac{\partial w_{\rho}f}{\partial t}+\frac{\partial}{\partial r}(w_{\beta}w_{v}f)+\frac{\partial}{\partial w}\int$ { $L\delta$ (w-u)} $r^{Pd\Omega=0}$ (20)
{$\underline{B}$ $W_{v}$ $v$ $?_{B}^{f\mathscr{D}}\not\in\ovalbox{\tt\small REJECT} w$ /—J\ $\circ$ a
$\int\{G(\iota t)\delta(w-u)\}_{r}Pd\Omega=G(w)f(r,w, t)$ (21)
$W$]$Z$ Jif] . $\ovalbox{\tt\small REJECT}$ $G(W)$ me an !:
$\overline{G}(r, t)\overline{=}\int c_{(W)}f(r,w, l)dw=.\gamma\int G(w)\delta$ (w-u) $r^{dwPd\Omega}$
$=f^{c(u)_{r}Pd\Omega}$ . (22)
Zk (9) St ensemble mean $-\mathfrak{X}$ $0$ a (20) $X$ w ff.6]N 6
$\frac{\partial\overline{\rho}}{\partial t}+\frac{\partial\overline{\rho v}}{\partial r}=0$ (23)
$w_{\lambda}$ $\Phi$ $\ovalbox{\tt\small REJECT} a$
$\frac{\partial\overline{\rho u_{\lambda}}}{\partial t}+\frac{\partial}{\partial r}(\overline{\rho vv_{\lambda}})-\overline{F}_{\lambda}=0$ $\overline{F}_{\lambda}\equiv\int(L_{\lambda})r^{Pd\Omega}$ (24)
$i\mathfrak{h}i\infty\underline{\backslash /rightarrow}$ (10) $G(u)=\rho u$ moment eq. $\circ$
–37-
\S 4. s-point distribution function $f^{(s)}$ $(r^{(1)},\mathcal{M}_{*}^{1)}\cdots\cdot r^{(s)}w^{ls)})$ .
$r^{(\oint)}(i=1,2\cdots\cdot s)$
$B_{\backslash }$
$u(r^{(\iota)})=u^{(i)}$ fi toiw(i) di st $r$ ib ut io $n$ $funcarrow$
tion $tk$ .!x $6_{0}$
$f^{(s)}(r^{(1I_{W^{l}}1)_{*}}\cdots\cdot, r^{(s}W^{s)_{)}}--(w^{(1)}-u^{(1)})\delta_{(w^{(2I}-u^{(2)})}$ . $\delta(w^{(s)}-w^{(s)})Pd\Omega$
$c_{=_{j}\overline{\prod_{=1}^{s}\rho^{(j)_{\delta}}(\mu)_{-u^{(j)})\text{ }6}}}$$(18)_{T\backslash \text{ }}^{-\backslash }-$
$\frac{\partial w_{\rho^{(1)}}\ldots.w_{\rho^{(s)}}f^{(s)}}{\partial\iota}$ $- \sum_{l=}^{s}\int L^{\triangleleft i)}1\partial_{j}\prod_{=1}^{s}\rho_{\frac{(\int)_{\delta(w^{0)}-u^{(j)})}}{\partial u^{(i)}}}Pd\Omega=0$
$L^{*}t)^{i}(19)$ JE; $f^{(s)}$ $\frac{}{R}$ $tR$ o
$\frac{\partial w_{\rho^{(1)\ldots.(s)(s)}}w_{\rho}f}{\partial t}+_{j}\sum_{=1}^{s}\frac{\partial}{\partial r_{i}}(w_{\rho}w_{\rho}f)$ (26)
$+_{j} \sum_{=1}^{s}\frac{\partial}{\partial d^{i})}\int L^{(\iota)_{\rho}(1)}\cdots\cdot\rho^{(s)}\delta(w^{(1)}-u^{(1)})\cdots\cdot\delta_{(}w^{(s)}-u^{(s)})Pd\Omega=0$
$f^{(s)}$ $K$ $\ovalbox{\tt\small REJECT} ffi_{\backslash }$ ‘ifi#re







. $\gamma\frac{\partial G(u^{(1)})}{\partial r^{(1)}}\delta_{(}w^{\{1I}-u^{(1)}$ )
$Pd \Omega=li_{J}m\frac{1}{\triangle r}f\{G(r^{(1)\}1)}+\triangle r^{)})-G(r^{u(1})^{)}\}\delta_{W^{(1)}-u^{(1)})Pd\Omega}\}r_{2}- r_{11}arrow 0u^{(2}$
$=lim$ $./ \int G_{(w^{(2\}}}\{\delta\psi 1-u\cdot$ ) $-\delta_{(w^{t’}-u^{(1)_{)}\}.1)}}dW^{2\backslash }\delta_{(}w’-u^{(1)}$ ) $Pd\Omega$
$|r_{2}-r_{1}|arrow 0$
$=lim_{\sim} \int G_{(w^{\{2)}})|g- r_{1}|-\infty\frac{\partial J’(r_{1},w_{1}.r,\eta^{(2!_{t)}}}{\partial r^{(2)}}dw2!$ (29)
$\int^{\frac{\partial^{2}G(u^{(1)})}{\partial r^{(1)}\partial r^{(1)}}\delta_{(}w^{(1)}-u^{(1)})Pd\Omega=_{rr^{\int^{G(\sqrt 2)})}}}- t^{l}\ ^{i_{1}m}(] \frac{\partial^{2}f^{(2)}\prime(r_{1}^{(1)_{W_{1}}(1)_{r_{1}}(2_{*}W2)})}{\partial\prime}dw^{(2)}$
(30)
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$\int\frac{\partial u^{(1!}}{\partial r^{(1)}}\frac{\partial u^{(1)}}{\partial r^{(1)}}\delta(w^{(1)}-u^{(1)})Pd\Omega$ (31)
$=lim(W^{(2\cup 3)}r^{(2^{\underline{|}}}r^{(r}$
$r^{(3}Lr^{(1)}$
$/ \int G_{(}r_{1}^{(1\}}u(1)_{r}(2\backslash (2!$ (32)
$=/ \int G_{(r_{1}^{(!)(2)(!,J}})_{w_{1}^{(1)}r^{(2_{*}^{1}}’ d^{2})f(r_{1}})(1)(2^{\backslash }t2\backslash$
\S 5. sth as za $\bigwedge_{D}$ $f$ XE $X$ $\ovalbox{\tt\small REJECT}\Phi ffi\backslash$ JEI
(2)
a) Incomp ressible flow
$\rho=const$ $\mathscr{R}\mathscr{X}t>$ 5i* . $\ovalbox{\tt\small REJECT} \mathscr{F}$ \not\equiv , $u$ $ve1$ . $v$
$L=-\frac{\partial\rho}{\partial^{r}}+\mu\Delta v$ , (33)
, $\rho(\partial v/\partial\iota)=-(\rho v\frac{\partial}{\partial r})v-(\partial p/\partial r)+\mu\Delta v$ $i>$
$\triangle p=-\sum_{\nu}\rho\frac{\partial}{\partial x_{\nu}}\frac{\partial vv_{\nu}}{\partial r}$ . .
$i\delta\vee\#$ o tit2 $f$ $\frac{\backslash }{\not\supset}$ $K$ 5 o
$\frac{\partial f}{\partial t}+\frac{\partial wf}{\partial r}-\sum_{\lambda}\frac{\partial}{\partial w_{\lambda}}\int\sum_{\mu,\nu}(\frac{\partial}{\partial x_{\lambda}}\frac{w_{\mu^{(2)}}w_{\nu^{(2^{1}}}}{|r-r’|})\frac{\partial^{2}f^{(2(2_{t}^{1}}(r_{*}w_{*}r’w,\prime))}{\partial x_{\mu}\partial x_{\nu}}dr’dd^{2I}$
$+ \mu\sum_{\lambda}\frac{\partial}{\partial w_{\lambda}}lim\int w_{\lambda^{(2!}}\sum_{\nu r^{\iota}>r}\frac{\partial^{2}f^{(2^{t}}(r,w,r_{J}^{r}w^{(2)_{t)}}}{\partial^{2}x_{\nu^{2}}’}dw^{2)}/=0$ (34)
$u^{(2)})Pd\Omega+ff\frac{\partial}{\partial d^{2!}}/(-\frac{\partial p}{\partial x_{\nu}}+\mu\Delta v_{\nu})(2)_{\delta w^{1)}-u^{(1)_{)}}}’\delta\varphi^{l}2)-u^{(2)})Pd\Omega=0\cdot(35)$
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b) Compressible flow
$p=\rho(\gamma-1)e_{9}$ $e\equiv C_{v}T$ , $L_{\rho}=- \rho 2\frac{\partial v}{\partial r}$
$L_{v,\lambda}=- \frac{\partial p}{\partial x_{\lambda}}+\frac{\partial}{\partial r}\mu(\frac{\partial v_{\lambda}}{\partial r}+\frac{\partial v}{\partial x_{\lambda}})-\frac{2}{3}\frac{\partial}{\partial x_{\lambda}}\mu\frac{\partial v}{\partial r}\equiv\frac{\partial k_{\lambda}}{\partial r}$ (36)
$L_{e}= \sum_{\lambda}k_{\lambda}\frac{\partial v_{\lambda}}{\partial r}-\frac{\partial}{\partial r}(\frac{\lambda}{C_{v}}\frac{\partial e}{\partial r})$
, $f$ $\frac{Y\backslash }{p_{\vee}}$ $?b$
$\frac{\partial w_{\rho}f}{\partial\iota}+\frac{\partial}{\partial r}(w_{\rho}w_{v}J)_{-}\frac{\partial}{\partial w_{p}}rarrow rlim\int w_{\rho^{(2}}\%^{(2^{t}}r\frac{\partial f^{(2)}(rw,r^{J}w^{(2J_{t)}}}{\partial r’}aW^{2I}$
$+ \sum_{\nu}\frac{\partial}{\partial w_{v,\nu}}Farrow rlim/\{-(\gamma-1)w_{\rho}^{(2!}w_{e}^{(2)}\frac{\partial}{\partial x_{\nu}}+\mu\frac{\partial}{\partial r’}(w_{v,\nu}^{(2)}\frac{\acute{o}}{(\partial r’}+w_{v}^{(2)_{\frac{\partial}{\partial x_{\nu}’}}})$
$- \frac{2}{3}\mu\eta^{(2)}\frac{\partial^{2}}{\partial r^{J}\partial x’}\nu\}f^{(2)}(r,w,r^{J}w^{(2^{1}}" t)dw’2$
)
$- \frac{\partial}{\partial w_{e}}r^{lim}arrow r\int\frac{\lambda}{C_{v}}w_{e}^{(2)\frac{\partial^{2}f(21\prime(r,w,r’,w^{(2!},t)}{\partial r^{2}}}dw^{(2\backslash }$
$+ \frac{\partial}{\partial w_{e}}lim\int\int\mu\sum_{\nu}r_{2},garrow rw_{v,\nu^{1}}^{(2}\frac{\partial}{\partial r_{2}}(w_{v,\nu}^{(3)}\frac{\partial}{\partial r_{3}}+w_{v}^{(3)}\frac{\partial}{\partial x_{\nu 3}}-\frac{2}{3}w_{\nu^{(3)}}\frac{\partial}{\partial r_{3}}I^{f^{(3)_{dw’}2^{1}}dw^{(3)_{\langle}}}$
$b$
$+ \sum_{\nu}\frac{\partial}{\partial w_{v,\nu}}r_{2}lr_{3}iarrow mr\int\Lambda\frac{\partial\mu^{(2^{1}}\omega)}{\partial d^{2^{1}}\prime}w^{(2\backslash }l)\frac{\partial}{\partial r_{2}}$ ( $+$ $\ovalbox{\tt\small REJECT} \mathfrak{o}$ ) $f^{(3I_{d}\sqrt{}\prime}2_{d_{W}}^{1(3)}$
$- \frac{\partial}{\partial w_{e}}rlr_{3}imarrow r\int\Lambda\frac{\partial}{\hat{o}w^{2)}}(\frac{\lambda}{\epsilon})w^{(2)})\frac{\partial}{\partial r_{2}}e^{(3)}\frac{\partial}{\partial r_{3}}f^{(3)}d\sqrt{}\prime dw^{(3)}=0$ (37)
$f^{(3)}\equiv f^{(3)}(r,w, r_{2},w^{(2!}, r_{3},w^{(3)}, t)$
$\neq B\ovalbox{\tt\small REJECT}_{arrow}^{\vee}\ovalbox{\tt\small REJECT}$ fs o5# $\ovalbox{\tt\small REJECT}_{\text{ }}^{A}\ovalbox{\tt\small REJECT}$ S# \yen --\nearrow $\frac{=}{\ovalbox{\tt\small REJECT}}$ 6 $\ovalbox{\tt\small REJECT}\not\in$ Of $j_{j}\backslash$ ,
IS5. $R$ $\not\equiv$ 6 , R14 pat j: $\Phi\not\in 9\hslash\Phi \mathscr{X}$ u /—J\ .
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\S 6. $ffi\mp\ovalbox{\tt\small REJECT}_{\backslash }$ velocity dis tribution $f$ unction demec hanical
$syst$ em \yen J6 za
$-\llcorner_{\overline{\ddagger}}^{---}X$ .J. $uRP$ $u_{1},$ $u_{2}$ . . . . .. Z $\hslash\#$ $\ovalbox{\tt\small REJECT}\not\in$ $\overline{\ovalbox{\tt\small REJECT}}$ \langle &I \beta @ 5if‘ $\not\equiv$
$\mathfrak{X}\xi\#\pi H\mathscr{X}$ u 6 $t^{i}\Leftrightarrow$ $\circ$ $-\Re$ $iE_{\hat{\text{ }}}\ovalbox{\tt\small REJECT}\pi$ $\mathscr{G}^{\angle_{\text{ ^{}\cross}}}*\alpha*Z\mp$ $\Phi \mathscr{F}9\pi$ $1\not\in\underline{\mathscr{G}}$ Ffi
$\mathscr{X}$ $g_{\alpha}(x, t),$ $x=$ ( $r$ , v), $\mathfrak{g}=(g_{\alpha}, g_{\beta}, \ldots.)$ , mec hanica 1 system $x>$
$\frac{\partial g_{\alpha}}{\partial\iota}=L_{\alpha^{\equiv}}^{*}-\frac{\partial v\wp_{\alpha}}{\partial r}+L_{\alpha}$ $L_{\alpha^{\equiv}}- \frac{1}{m_{\alpha}}\frac{\partial}{\partial v_{\alpha}}(F_{\alpha}g_{\alpha})$ . (38)
$\not\in\xi$ $\ovalbox{\tt\small REJECT}_{\text{ }}^{A}$ $\not\equiv$ $0\llcorner B$ -\llcorner x




$F\frac{\alpha^{(c).*}g_{\alpha}\overline{=}fi^{n_{\beta 0}/(X-X’)\{g_{\alpha\beta}^{(2!}(x,.x’)-g_{\alpha}\mathfrak{w}g_{\alpha}(x’)\}dx’}F_{\alpha\beta}}{/g_{\alpha}\infty dx=1,g_{\alpha\beta\alpha\beta}^{(2\underline{L}}(1+P)g_{\alpha}\infty g_{\beta}(X’)}$
$g_{\alpha\beta^{\backslash }}^{(2}(X, X’)$ 2 $\kappa a\pi\Phi \mathscr{X},$ $n_{\beta 0}$ $\beta*\backslash t\neq$ $*ae\mathscr{X}\mathscr{C}\not\in$ $oF_{\alpha}$
$\ovalbox{\tt\small REJECT}$ $K$ $\ovalbox{\tt\small REJECT} ffl_{\backslash }$
$ii)^{i}-\*$ $l\Re\underline{\tau 7}$
$\circ$
$\frac{\partial F_{\alpha^{(0)}}}{\partial v}=0$ , $\frac{\partial F_{\alpha^{(v}}}{\partial v}$
)
$=0$ , $\frac{\partial F_{\alpha}^{(c}}{\partial v}\neq 0$
)
(40)
$\ovalbox{\tt\small REJECT}*$ $g_{0}$ $\hat{B}^{\backslash }$ ens embl $e$ $F$ , ph as $es$ pa ce $-\ovalbox{\tt\small REJECT} x$ $\phi_{\backslash }$ $\mathfrak{g}$ $Ei\partial^{i}k$
distribution function $tR$ $\circ$
$f$ $( x ,k , t)\equiv\int\delta$ (k-g) $P(\mathfrak{g}, t)d\Omega$ , $\delta(k-g)\equiv_{\beta}\Pi\delta(k_{\beta}-g_{\beta})$ (41)
$\nearrow\backslash$
$-\ovalbox{\tt\small REJECT}$ $\ovalbox{\tt\small REJECT}\Phi$ \cong $B$ ex
$f_{\alpha}( x, k_{\alpha}, t)\equiv\int\delta_{(}k_{\alpha}-g_{\alpha})Pd\Omega$ (42)
$=\ovalbox{\tt\small REJECT}$ $\ovalbox{\tt\small REJECT}\pi$ –/\infty B $B$
$f_{\alpha\beta}( x, k_{\alpha}, k_{\beta}, t)\equiv\int\delta_{(}k_{\alpha}-g_{\alpha})\delta(k_{\beta}-\wp_{\beta})Pd\Omega$
(43)
$0$ a 2–point distribution function
$f^{(2)}( x, k, x’,k’, t)\equiv\int\delta$ (k-g) $\delta_{(k’}arrow \mathfrak{g}’$ ) $Pd\Omega$ (44)
$\ovalbox{\tt\small REJECT} EfX\#:$ rwta $i)^{i\alpha},$ $\beta\Leftrightarrow$ \beta R’ili
–41-
$f_{\alpha\beta}^{(21}( x, k_{\alpha},x^{J}k_{\beta}’, t)=\int\delta(k_{\alpha}-g_{\alpha})\delta(k_{\beta}’-g_{\acute{\beta}})Pd\Omega$
$f_{\alpha,\alpha\beta}^{I2^{1}}$’ $( x, k_{\alpha}, x’, k_{\alpha}’ , k_{\beta’} , t)_{-}^{-}\int\delta(k_{\alpha}-g_{a})\delta(k_{\alpha}’-g_{\alpha}’)\delta_{(}k_{\beta’}-g_{\beta’})Pd\Omega$
(45)
$\circ\xi$
$lim$ $f^{(2\rangle}(x, k, x’k’, t)=f(x, k, t)f(x’, k’, t)$
$|x^{l}-x|arrow\infty$
$limf^{(2)}(x, k, x’, k’, t)=f(x, k, t)\delta(k^{\prime_{arrow}}k)$
$X’arrow X$
(46)
$limf_{\alpha\alpha}^{(2)}(x,k_{\alpha},x’, k_{\alpha}^{J}, t)=f_{a}(x, k_{\alpha}, t)\delta(k_{\alpha}’-k_{\alpha})$. .
$Xarrow X$
$\Leftrightarrow t^{i}\beta\frac{xarrow xl,imf_{\alpha^{(}\beta^{2)}}(x,k_{\alpha^{*X’}},k_{\beta}’,t)=f_{\alpha\beta}(x,k_{\alpha},k_{\beta},t)}{R\nabla^{arrow}\perp \text{ _{}\circ}f\text{ }\mathfrak{B}E\text{ }tR\text{ }}$
$\cdot$
.
$\frac{\partial f}{\partial t}+\frac{\partial vf}{\partial r}+\sum_{\alpha}/\frac{1}{m\alpha}(F_{\alpha^{(0)_{r}}}+F_{a^{(v)}’}\frac{\partial g_{\alpha}}{\partial v})\frac{\partial\delta_{(k-\mathfrak{g})}}{\partial g_{\alpha}}Pa\Omega$
$- \sum_{\alpha}\frac{\partial}{\partial k_{\alpha}}/\frac{1}{m_{\alpha}}\frac{\partial F_{\alpha}^{(c)}\wp_{\alpha}}{\partial v}\delta_{(}k-\mathfrak{g})Pd\Omega=0$ (47)
$\overline{g_{\beta}}(x, t)\equiv\int k_{\beta}f(x, k, t)dk=\int k_{\beta}f_{\beta}$ ( $x,$ $k_{\beta}$ , t) $dk_{\beta}=/g_{\beta}Pd\Omega$ (48)
$P^{i}Pt2$ Sz $i\theta^{i},$ $\ovalbox{\tt\small REJECT}$
$\overline{F}_{\alpha}(v\vdash=\sum_{\beta}n_{\beta 0}\int F_{\alpha\beta}\infty*x^{r})k_{\beta}’f_{\beta}(x’, k_{\beta}’, t)dk_{\beta}’dx’=\sum_{\beta}n_{\beta 0}\int F_{\alpha\beta}(X,X’)\overline{g}_{\beta^{(x’,\iota)d\vee}}$
(49)
$F_{\alpha}^{(v,c)}f_{\alpha}\equiv\sum_{\beta}n_{\beta 0}\int F_{\alpha\beta}(x,x’)\{f_{\alpha\beta^{1}}^{(2}(x, k_{\alpha},x’, k_{\beta}’\iota)$
$-f_{a}(x, k_{\alpha}, t)f_{\beta}(x’, k_{\beta’}, t)\}k_{\beta}’dk_{\beta}’dx^{r}$ (50)
\langle
$\int F_{\alpha^{(\iota,)}}\delta_{(}k_{\alpha}-g_{\alpha})Pd\Omega=\overline{F}_{\alpha}^{(v)}f_{\alpha}+\sum_{\beta-}n_{\beta 0}\int F_{a\beta}\zeta x,$
$x’$) $(g_{\beta}-\overline{g_{\beta}})_{X’}\delta(k_{\alpha}-g_{\alpha^{)Pd\Omega}}$
$=\overline{F_{\alpha}}^{(v)}f_{\alpha}+F_{\alpha^{(vc)}}f_{\alpha}$
, $f_{\alpha}$ $\frac{-}{R}$ ta 6
$\frac{\partial f_{\alpha}}{\partial t}+\frac{\partial vf_{\alpha}}{\partial r}+\frac{1}{m_{\alpha}}\frac{\partial}{\partial v}(F_{\alpha}^{(0\}}+\overline{F}_{\alpha}^{(v)})f_{\alpha}+\frac{1}{m_{\alpha}}.\frac{\partial F_{\alpha^{(vc)}}f_{\alpha}}{\partial v}$
$- \frac{\partial}{\partial k_{\alpha}}\int\frac{1}{m_{\alpha}}\frac{\partial F_{\alpha^{r}}^{(c)}g_{\alpha}}{\underline\partial v}\delta_{(}k_{\alpha}-\wp_{\alpha})Pd\Omega=0$ (51)
$-42-$
$k_{\alpha}$ moment eq. $\mathfrak{g}_{\alpha}$
$\frac{\partial g_{\alpha}}{\partial\iota}+\frac{\partial v\overline{g}_{\alpha}}{\partial r}+\frac{1}{m_{\alpha}}\frac{\partial}{\partial_{v}}(F_{\alpha^{(0)}}+^{-}F_{\alpha}^{\{\phi})\overline{g}_{\alpha}$
$+ \frac{1}{m_{\alpha}}\frac{\partial\overline{F_{\alpha}^{(vc)}\mathscr{S}}_{\alpha}}{\partial v}+\frac{1}{m_{\alpha}}\overline{\frac{\partial F_{\alpha}^{(c)}g_{\alpha}}{\partial v}}=0$ (52)
$\overline{F_{\alpha^{(c)}}g}_{\alpha}\equiv\int F_{\alpha}^{(c)_{k_{\alpha}f_{\alpha}dk_{\alpha}=\int F_{\alpha}^{(c)}g_{\alpha^{Pd\Omega}}}}$ ,
$\overline{Fd^{vc)}g}_{\alpha}=-\int F_{\alpha}^{(wc)}k_{d}f_{\alpha}dk_{\alpha}=fi^{n_{\beta 0}/F_{\alpha\beta}(x,x’)\{\overline{g_{\alpha}ng_{\beta}(x’})-\overline{g_{\alpha}u}\overline{g_{\beta}(x’)}}\}dx’$
$f_{\alpha^{(2)}}(x, k_{\alpha}, x’, k_{\beta}’, t)$
$\frac{\partial 4_{\alpha^{2}\beta^{)}}}{\partial t}+\frac{\partial}{\partial r}(vf_{\alpha\beta’}^{(2\backslash })+\frac{\partial}{\partial r}(v’f_{\alpha\beta^{)}}^{(2^{1}}’+\frac{1}{m_{\alpha}}\frac{\partial}{\partial v}(F_{\alpha^{(0)}}+\overline{F_{\alpha^{(v)}}})f_{\alpha\beta}^{(2)}$
$+ \frac{1}{m_{\beta}}\frac{\partial}{\partial v}’(F_{\beta^{(0)}}+\overline{F}_{\beta^{(v)}})\oint_{\alpha^{2}\beta^{)}}+\frac{1}{m_{\alpha}}\frac{\partial}{\partial v}(F_{\beta}^{(vc2)}f_{\phi}^{(2)})+\frac{1}{m_{\beta}}\frac{\partial}{\partial v}’(F_{\beta}^{(vc2)}\gamma_{\alpha^{2}\beta^{1}})$
$-/ \{\frac{1}{m_{\alpha}}\frac{\partial\mu_{\alpha^{c)}}g_{\alpha}}{\partial v}\frac{\partial}{\partial\kappa_{\alpha}}+\frac{1}{m_{\beta}}\frac{\partial\mu_{\beta^{c)}}g_{\beta}’}{\partial v’}\frac{\partial}{\partial\kappa_{\beta}’}\}\delta_{(}\kappa_{\alpha}-g_{\alpha})\delta_{(}\kappa_{\beta}’-\wp_{\beta}’)Pd\Omega=0$
(53)
$F\alpha\alpha\beta’\beta 0$
$-f_{\alpha\beta^{(x,\kappa_{\alpha},X’}}^{2^{1}},$ $\kappa_{\beta}’,$ $\iota$ ) $f_{\gamma}(x^{p}, \kappa_{\gamma}’’, t)$ } $\kappa_{\gamma}’’d\kappa_{\gamma}^{u}dx’’$
$F_{\alpha}^{(c)}$ Boltzman , $F$ okk$er-P1$ a $n$ ck ,
,
\S 7. H-t $heorem$ .
system ensemble , x Volu $arrow$
me $e$ le ment $dx$ \alpha ( $\int f_{\alpha^{\kappa}\alpha^{d\kappa_{\alpha})dx}}$ , H-func $t$ ion
$\underline{H\equiv g\int/f_{\alpha}\kappa_{\alpha}logf_{\alpha}\kappa_{\alpha}dkdx}$
$= \sum_{\alpha}//f_{\alpha^{\kappa}\alpha}log\kappa_{\alpha}dkdx+\sum_{\alpha}//f_{\alpha^{\kappa}\alpha}logf_{\alpha}dkdx$
$= \sum/\int g_{\alpha}logg_{\alpha}Pd\Omega dx+\sum//f_{\alpha^{\kappa}\alpha}logf_{\alpha}dkdx$ (54)
$\alpha\underline{\alpha}$
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. . $\frac{\partial H}{\partial t}=\sum_{\alpha}\int\int\frac{\partial g_{\alpha}}{\partial t}(1+l\circ gg_{\alpha})Pd\Omega dx+\sum_{\alpha}\int\int\frac{\partial f_{\alpha^{\kappa}\alpha}}{\partial t}(1+l_{0}gf_{\alpha})dkdx$
$=- \sum_{\alpha}\frac{1}{m_{\alpha}}ff\frac{\partial F_{\alpha}^{(c)}g_{\alpha}}{\partial v}(1+l\circ gg_{\alpha})Pd\Omega dx$
$- \sum_{\alpha}\frac{1}{m_{\alpha}}\int\int\int\frac{\partial F_{\alpha}^{(c)}g_{\alpha}}{\partial v}\frac{\partial\kappa_{\alpha}logf_{\alpha}}{\partial\kappa_{\alpha}}\delta(\kappa_{\alpha}-g_{\alpha})Pd\Omega d\kappa_{\alpha}dx$
$-g \frac{1}{m_{\alpha}}f/\int\frac{\partial F_{\alpha}^{(vc)}f_{\alpha}}{\partial v}\kappa_{\alpha}(1+logf_{\alpha})Pd\Omega d\kappa_{\alpha}dx$ (55)
$g_{\alpha}$
$\partial H/\partial t$ , ,
collective , collective
, 2–point distribution function $f_{\alpha\beta}^{(2)}$ o
$F_{\alpha}^{(vc)}$ $f_{\alpha\beta’}^{(2)}(x, \kappa_{\alpha}, x’, \kappa_{\beta}’, \iota)-f_{\alpha}(X, \kappa_{\alpha}, t)f_{\beta}(X’, \kappa_{\beta}’, t)$
$\partial F_{\alpha^{(vc)}}f_{\alpha}/\partial v\neq 0$ $H$ $f^{(2)}$
(1) E. Hopf, J. Rat. Mech. Anal. 1, 87 (1952).
(2) T. S. Lundgren, Phys. Fluids, 10, 969 (1967).
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